Deposition of inhaled nanoparticles in the rat nasal passages: dose to the olfactory region.
In vivo experiments have shown that nanoparticles depositing in the rat olfactory region can translocate to the brain via the olfactory nerve. Quantitative predictions of the dose delivered by inhalation to the olfactory region are needed to clarify this route of exposure and to evaluate the dose-response effects of exposure to toxic nanoparticles. Previous in vivo and in vitro studies quantified the percentage of inhaled nanoparticles that deposit in the rat nasal passages, but olfactory dose was not determined. The dose to specific nasal epithelium types is expected to vary with inhalation rate and particle size. The purpose of this investigation, therefore, was to develop estimates of nanoparticle deposition in the nasal and, more specifically, olfactory regions of the rat. A three-dimensional, anatomically accurate, computational fluid dynamics (CFD) model of the rat nasal passages was employed to simulate inhaled airflow and to calculate nasal deposition efficiency. Particle sizes from 1 to 100 nm and airflow rates of 288, 432, and 576 ml/min (1, 1.5, and 2 times the estimated resting minute volume) were simulated. The simulations predicted that olfactory deposition is maximum at 6-9% of inhaled material for 3- to 4-nm particles. The spatial distribution of deposited particles was predicted to change significantly with particle size, with 3-nm particles depositing mostly in the anterior nose, while 30-nm particles were more uniformly distributed throughout the nasal passages.